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(54) Roller chain sprocket for preventing substantially radial impact with chain rollers 



(57) A sprocket (S1 ,S2) is disclosed for use with a 
roller chain (C) and that substantially avoids radial im- 
pact of chain rollers (R) with the sprocket. The sprocket 

differs fronn prior sprockets in that the tooth root radius 
(90) of the sprocket is increased while the sprocket pitch 



circle (80) diameter is maintained. This configuration 
creates a clearance between the roller and the tooth root 
(60). This clearance allows rollers of a chain of like pitch 
to impact the sprocket teeth in a substantially tangential 
fashion on their flanks (130), rather than substantially 
radially on the tooth root (60). 
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Description 

[0001 ] The present invention relates to a sprocket for 
a roller chain. FIG. 1 shows both a chain C having rollers 
R engaging sprockets S1 and S2. In particular, the 
present invention relates to a sprocket that reduces the 
noise generated when the roller chain and sprocket 
mesh. 

[0002] Noise generated by a rollerchain meshing with 
a sprocket is a long recognized problem. One of the 
most significant sources of noise in a typical roller chain 
drive results from the repeated impacts between the roll- 
ers and the sprockets as the rollers seat between the 
teeth of the sprocket. As shown In FIG. 2, a roller 10 
engaging a sprocket S swings on an arc 20 having a 
radius equal to the chain pitch P around the center of a 
seated adjacent roller 30. The roller 1 0 swings along the 
arc 20 to make a substantially radial impact with the 
sprocket tooth root 40. 

[0003] The prior art discloses attempts to reduce the 
noise created by rollers impacting a sprocket. One such 
attempt to reduce the noise levels generated by roller 
and sprocket collisions is shown in U.S. Patent No. 
6,030,306. This patent discloses a technique that stag- 
gers the chain meshing with multiple sprockets such that 
the overall noise level generated by the multiple sprock- 
et collisions is reduced. However, this method does not 
avoid substantially radial collisions or reduce the noise 
generated by collisions between the rollers and individ- 
ual sprocket tooth roots. 

[0004] Other sprocket designs have attempted to de- 
crease the impact noise of roller chain drives by altering 
the sprocket tooth profile. An early example of such a 
design is disclosed by U.S. Patent No. 3,448,629. This 
patent describes modifying the bottom diameter of the 
sprockets, widening the gap between adjacent teeth of 
the sprockets, and attaching one or more rubber rings 
near the outer periphery of each sprocket. 
[0005] A more recent attempt to reduce roller chain 
and sprocket noise using a modified sprocket tooth pro- 
file is described by U.S. Patent No. 5,921 ,877. A sprock- 
et tooth profile having three sections is described as 
making the roller of a chain come into engagement with 
the teeth of the sprocket without generating a large 
noise. However, this design is limited to a unidirectional 
roller chain drive because of the asymmetry of the tooth 
profile as generally shown by FIG. 3. 
[0006] Other designs also utilized an asymmetrical 
tooth design in an effort to reduce the noise generated 
by the impact of the rollers as they strike the sprocket. 
U.S. Patent No. 5,876,295 discloses an asymmetrical 
tooth profile with flank radii that may differ from the drive 
side to the coast side of the tooth. U.S. Patents Nos. 
5,921,878 and 5,993,344 disclose an asymmetrical 
tooth profile that incorporates a flank flat that is tangen- 
tial to an engaging flank radius and a first root radius, 
and a pitch mismatch wherein the sprocket chordal pitch 
is less than the chain chordal pitch. This arrangement 
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is described as facilitating a staged roller tooth contact 
with the sprocket. Again, the asymmetry of the tooth pro- 
file mandates a unidirectional rollerchain drive system. 
[0007] Other asymmetrical tooth designs, such as 

5 that disclosed by U.S. Patent No. 5,997,424, provide a 
tooth space clearance between the roller and a portion 
of the tooth root in an attempt to reduce the noise gen- 
erated by the vibrational contact of unseated rollers with 
the sprocket teeth as the rollers wear. FIG. 4 illustrates 

10 one such design. Instead of imp acting the bottom of the 
tooth root, the roller makes radial contact with the flanks 
of adjacent teeth at locations A1 and A2 while bridging 
over the bottom of the tooth root. This sprocket is also 
designed for a unidirectional rollerchain drive system. 

15 Similarly, U.S. Patent No. 5,397,278 simply reduces the 
gap between adjacent sprocket teeth such that the roller 
makes simultaneous radial contact with the flanks of ad- 
jacent teeth. However, this design does allow for use in 
a multi-directional roller chain drive system. 

20 [0008] There remains a long-standing need for a mul- 
ti-directional sprocket that substantially minimizes the 
noise generated by the substantially radial impacts be- 
tween the rollers of a roller chain and a sprocket. The 
present invention addresses this need as well as others 

25 previous disadvantages of the prior art. 

BRIEF SUMMARY OF THE INVENTION 

[0009] A sprocket according to the present invention 

30 is a multi-directional roller chain sprocket that minimizes 
substantially radial roller impact with the sprocket. This 
sprocket provides a tooth root-to-chain pitch relation- 
ship that causes a substantially tangential impact be- 
tween the roller and the sprocket tooth flank to smoothly 

35 and quietly transmit the connecting energy of the chain 
and sprocket. A related feature of a sprocket according 
to the present Invention is distribution of the connecting 
energy of the roller and sprocket overtime to avoid im- 
pact energy related noise. 

40 [0010] In one embodiment, a known rollerchain is se- 
lected to match the pitch of the sprocket. The roller chain 
has a plurality of links, interconnected by pivot pins. A 
roller member that is freely rotatable about the pivot pin 
is mounted on each pivot pin. The roller members have 

45 a cylindrical outer surface and are characterized by a 
tolerance stack that represents the variation of the di- 
ameter of the outer cylindrical surface between the larg- 
est and smallest diameters of roller members. The roller 
chain is constructed to engage a sprocket having a plu- 

so rality of teeth spaced about its periphery. The sprocket 
has a pitch circle passing through the center of each roll- 
er member when those members are fully engaged with 
the sprocket. 

[0011] The sprocket defines generally circular roots 
55 between pairs of adjacent teeth . Each of the roots is de- 
fined by a tooth root radius, whfch is the distance from 
a point on the root to a point on the sprocket pitch circle 
centered between the teeth adjacent to the root. The 
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tooth root radius is determined to minimize substantially 
radial impacts of the roller members with the sprocket. 
The roller members engage the sprocket teeth on their 
flanks in a glancing, or substantially tangential fashion. 
The sprocket may have tooth root radii equal to the roller 
radius, the radius of the outer cylindrical surface of the 
roller, plus the tolerance stack between the roller mem- 
bers and the chordal rise and fall of thechain. However, 
a lesser tooth root radius may suffice. 
[0012] These and other features of the present 
sprocket will become apparent from the present draw- 
ings and specification. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Figure 1 illustrates a typical roller chain and sprock- 
et drive system. 

Figure 2 illustrates the substantially radial meshing 
of a chain roller with a conventional sprocket. 

Figure 3 illustrates a prior art asymmetrical sprocket 
tooth profile. 

Figure 4 illustrates the two point contact between 
the chain roller and a prior art root relieved asym- 
metrical tooth profile sprocket. 

Figure 5 illustrates a roller member and sprocket 
tooth profile according to the present invention as 
modified from a conventional sprocket tooth profile. 

Figure 6 illustrates the roller members of a chain 
engaging a sprocket according to the present inven- 
tion. 

Figure 7 illustrates a sprocket according to an em- 
bodiment of the present invention that is constnjct- 
v» ed for use with an 8mm tme roller chain. 

DETAILED DESCRIPTION OF THE INVENTION 

[0014] Roller chain rollers seat substantially radially 
In the tooth root of a conventional sprocket by a motion 
that can be visualized as the sprocket being held sta- 
tionary and a taut chain being wrapped around the 
sprocket. That motion is shown by FIG. 2. FIG. 5 shows 
a chain roller member 50 in a position at which it seats 
in the root 110 of a conventional sprocket profile 70. A 
sprocket according to the present invention improves 
upon such known sprockets by minimizing any substan- 
tially radial impact of the chain roller member 50 with, 
or bridging impact over, the sprocket tooth root 60 ac- 
cording to the present invention. This In turn substan- 
tially eliminates a significant source of noise associated 
with roller chain sprockets. 



[0015] This improvement is realized by increasing the 
radius 1 20 of the tooth root 11 0 of a conventional sprock- 
et profile 70, while maintaining the original sprocket 
pitch circle 80. The increased tooth root radius 90 caus- 

5 es the sprocket teeth 100 to be narrower and the root 
60 to be deeper than the original root 110. As a result, 
the roller member 50 positioned at the pitch circle 80 is 
not in contact with the tooth root 60. A clearance is cre- 
ated between the roller member 50 and the tooth root 

10 60. This clearance Is approximately equivalent to the dif- 
ference between the radius 1 20 of the conventional root, 
which is substantially equal to the radius of roller mem- 
ber 50, and the increased tooth root radius 90. The 
clearance minimizes the radial impact of the roller mem- 

15 ber 50 and the tooth root 60. Instead, the roller 50 will 
make a substantially tangential contact with the modi- 
fied tooth flank 130 to smoothly engage the sprocket In 
a glancing fashion. 

[0016] FIG. 6 Illustrates the roller member clearance 
20 140 and substantially tangential contact of roller mem- 
ber 50 at with the improved sprocket tooth flank 1 30 as 
the roller members 50 engage the improved sprocket 
teeth 1 00. As shown, when the sprocket rotates the roll- 
er members 50 are captured as they come Into substan- 
^5 tially tangential contact with the tooth flank 130. Thus, 
each roller member 50 will gently roll into contact with a 
sprocket tooth flank 130 rather than harshly impacting 
the tooth root 60 in a substantially radial fashion. This 
rolling engagement also absorbs the engagement ener- 
30 gy of the Sprocket tooth 1 00 and roller member 50 col- 
lisions over a longer time frame as compared to a con- 
ventional sprocket. There is also a clearance between 
the engaged roller members 50 and the trailing adjacent 
tooth flank 130, Increasing the backlash of the system. 
[0017] The resulting clearance created between the 
roller member and the tooth root 1 40 should be sufficient 
to prevent substantially radial roller member contact 
with the sprocket. The sum distance of the tolerance 
stack between rollers and the chordal rise and fall of the 
chain clearance is a good guideline, although less clear- 
ance may be sufficient. Chordal rise and fall is defined 
as the distance from the center of the sprocket to the 
centeriine of the chain that is perpendicular to the cen- 
teriine of the sprocket when a chain roller member 50 is 
on the sprocket centeriine versus when two roller mem- 
bers 50 are equally spaced about the sprocket center- 
line. This value, or radial difference, varies with the chain 
and/or sprocket pitch. 

[0018] As also shown by FIG. 6, the pitch of the chain 
so may be varied. Roller members 50 located a pitch dis- 
tance P1 from the adjacent roller member 50 attached 
to the link 170 engages a tooth 100 leaving a clearance 
140 from the tooth root 60. A larger pitch distance P2 of 
link 1 80 causes a roller member 50 to engage a tooth 
55 100 at a location that is separated a greater distance 
1 60 from the tooth root 60. 

[0019] The dimensions in FIG. 7 illustrate one embod- 
iment of 24 tooth sprocket according to the present in- 
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vention for use with an 8mm true roller chain. In this em- 
bodiment, the tooth root radius dimension 1 80 is 3.0885 
mm which is oversized while the pitch diameter of the 
sprocket 1 90 is maintained at 61 .2904 mm in accord 
with the selected chain pitch. 

[0020] While the invention has been described with 
reference to preferred embodiments, those skilled in the 
art will understand that various changes may be made 
and equivalents may be substituted without departing 
from the scope of the invention. In addition, many mod- 
ifications may be made to adapt a particular step, struc- 
ture, or material to the teachings of the Invention without 
departing from Its scope. Therefore, it is intended that 
the invention not be limited to the particular embodi- 
ments disclosed, but that the invention will include all 
embodiments falling within the scope of the appended 
claims. 
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larger than said pre-selected radius of said roll- 
er member 

whereby radial impact between said roller 
5 members and said sprocket is substantially 

prevented. 

4. The roller chain and sprocket assembly of claim 3, 
wherein said tooth root radius is substantially equiv- 

10 alent to the roller radius plus the tolerance stack be- 
tween said roller members and the chordal rise and 
fall of said roller chain. 

5. A sprocket for use with a roller chain having roller 
15 members of a preselected diameter and spaced 

from adjacent roller members by a chain pitch dis- 
tance, the sprocket having a pitch circle corre- 
sponding to the roller chain pitch and comprising: 
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Claims 

1 . A sprocket for use with a roller chain , the roller chain 
having roller members of a pre-selected radius and 
located with centers at a chain pitch distance apart, 
the sprocket having a sprocket pitch circle corre- 25 
spending to the pre-selected roller chain pitch and 
comprising: a plurality of teeth spaced about an out- 
er periphery of said sprocket and defining roots be- 
tween adjacent teeth, each of said roots defining an 

arc Joining adjacent teeth and having a tooth root 30 
radius equal to the distance from said root to a point 
substantially centered between teeth adjacent to 
the root on the sprocket pitch circle, said tooth root 
radius being larger than said pre-selected radius of 
said roller member, whereby radial impact between 55 
said roller members and said sprocket Is substan- 
tially prevented. 

2. The sprocket of claim 1 , wherein the tooth root ra- 
dius is substantially equal to the roller radius plus 40 
the tolerance stack between said roller members 
and the chordal rise and fall of said roller chain. 

3. A roller chain and sprocket assembly comprising: 

45 

a roller chain of a pre-selected pitch, said roller 
chain having roller members, and 



a plurality of teeth spaced along an outer pe- 
riphery of the sprocket, the teeth intersecting 
the pitch circle, each tooth defining two op- 
posed flanks, each flank facing in a direction 
generally along the periphery of the sprocket 
toward an adjacent tooth ; 
said sprocket defining a tooth root, the tooth 
root extending from a first tooth flank of a first 
tooth toward a second tooth flan k of an adjacent 
second tooth, the first tooth flank and second 
tooth flank facing toward each other, the tooth 
root extending from a location adjacent to an 
innennost extent of the first tooth flank to a lo- 
cation adjacent to an innermost extent of the 
second tooth flank; 

the tooth root extending inwardly from the outer 
periphery of the sprocket to a distance from the 
pitch circle that is greater that half the roller 
member diameter; and 

the first tooth flank separated from the second 
tooth flank by a distance that is greater than the 
roller member diameter 
whereby, roller members contact a tooth flank 
in substantially tangential contact as the roller 
member engages the sprocket. 



25 



30 



a said sprocket having a sprocket pitch circle 
corresponding to said pre-selected roller chain so 
pitch, said sprocket defining a plurality of teeth 
spaced about an outer periphery of said sprock- 
et, and defining roots located between adjacent 
teeth, each of said roots characterized by a 
tooth root radius representing the distance from 55 
the root to a point on said sprocket pitch circle 
that is substantially centered between teeth ad- 
jacent to said root, said tooth root radius being 
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